which we did not then possess, would have provided the extra room, but, of course, at the cost of less magnification. The 400 mm lens forces the operator to work at an arm position overstretched both for operator and assistant. Adequate magnification is then bought at the price of field depth, so that the use of an objective lens of more than adequate working distance is a positive disadvantage on two counts.
Instriimental Factors
Because of the restricted nature of the hole through which much microneurosurgery has to be carried out, cranked instruments are needed. But where an instrument with a small grasp is necessary a different kind of mechanism will be required. Compared with the ordinary 'singleaction' cup-jawed forceps, the 'reverse-action' forceps of Angell James is quick and accurate, avoiding the unwanted up-tilt of the former. It is also important to strike a balance between the reach and shank length of the instrument and the depth to which it can be introduced into the wound. As the working distance of the longest lens compatible with neurosurgery is about 350 mm, there is no great advantage in having enormously long instruments.
Similarly, because it is harder for an assistant to assist in surgical manipulations, even though it is much easier for him to see through the observation tube of the microscope, the surgeon has to rely on his own two hands for tasks which need three or four. Therefore instruments of combined function are at a premium. We have constructed two: a combined sucker-dissector, and a dissector blunt arachnoidal hook. We have also developed a tumour fork for manipulating the sometimes tough capsule of an acoustic neuroma. This can often be used in conjunction with the suckerdissector. With all the help which the microscope, light, and bipolar diathermy and special instruments give, the large acoustic neuroma remains a formidable surgical task.
Many other facets of this technique would bear discussion. For instance, having used the technique for about eighteen months, I would very much prefer not to be deprived of the microscope for any operation on an aneurysm, unless it were an 'easy' posterior communicating aneurysm or a middle cerebral aneurysm. I would not wish to put my patients to the unnecessary risk of operation without one. For all pituitary operations, Cloward's operation (Cloward 1958) , acoustic neuromas and deeply placed tumours in the posterior fossa, as well as small arteriovenous malformations, I believe it adds much to the safety and accuracy of the operation. On the other hand, there are operations where the microscope is better ignored. I have carried out in the past twelve months two operations at which I regretted using the microscope. One was a large occipital arteriovenous malformation at which the operation was merely lengthened by the use of the microscope. The other case was more importanta very large pituitary adenoma growing up into the caudate nucleus. At the first operation we were misled by magnification, and took out only the lower half of the tumour. We had to retrieve the rest from the caudate nucleus some days later, having had in the meantime to deal with a hvmorrhage from the remaining tumour.
With discrimination and taking account of the important factors which have been mentioned in the use of the microscope, there is no doubt that it is earning a central place in neurosurgery and should now be warmly welcomed.
Professor Nils Lundberg (Department ofNeurosurgery, University Hospital, Lund, Sweden) Monitoring of Intracranial Pressure" Continuous recordings of ventricular fluid pressure (VFP) have been used since 1956 in a total of 848 patients.
Miniature transducers implanted in the subdural or epidural space have also been used for monitoring intracranial pressure (ICP). Such measurements are influenced by different parameters, such as elasticity of surrounding tissues, local tissue reaction, shape and size of the probe, &c. Only by referring such 'pressures' to CSF pressure can one use them for quantitative assessment of ICP. In a few patients we have made simultaneous recordings of VFP and the pressure obtained by an epidural transducer.
IThis paper is one of a collection dedicated to Professor
Herbert Olivecrona by friends and pupils, on his 80th birthday, 11 July 1971.
They indicate that the latter may give adequate information about variations in ICP and within certain limits permit approximate quantitative assessments of the actual pressure level. If monitoring of ICP is the only aim and there is no demand for strictly quantitative measurements, it seems justifiable to use epi-or sub-dural recordings.
The use of the indwelling catheter for recording VFP has the advantage of permitting drainage of fluid and instillation of gas for ventriculography at any time. On the other hand, the indwelling ventricular catheter involves the risk of bacterial contamination of CSF spaces. We have had 11 clinical infections in a series of 903 recordings, an incidence of 1 2 %. There were no deaths and no sequelk. During the first ten years only 3 clinical infections were recorded (0(56 %O). However, during the following three years (1966-8) this figure rose to 3 5 %, a figure which I consider unacceptable for a diagnostic method (Fig 1) . The favourable trend during the last two years has however convinced us that the risk of infection can be controlled and that the present technique is sufficiently safe to permit routine use in cases in which control of ICP is important and particularly in cases where ventriculography, drainage of CSF or intraventricular administration ofdrugs may be indicated as well. If ICP monitoring is to be carried out, the following routine is usually employed. The recording is started one or two days before the planned operation. Urgency sometimes makes immediate drainage of fluid necessary; otherwise the pressure is recorded for at least two hours to obtain information on ICP dynamics. Pneumography is done under pressure control, and fluid and/or gas are removed if the pressure tends to rise to dangerous levels. The risk of acute deterioration after pneumography has been one reason for immediate operation after radiological examination, but this routine may be discarded if the ICP is under continuous control (Fig 2) . Unless operation is urgent for other reasons it is usually delayed for one or two days after pneumography.
Recording VFP under general anmsthesia has taught us and our anwsthesiologists that both induction and subsequent disturbances during anaesthesia may provoke acute elevation of ICP and severe reduction of the perfusion pressure in patients with intracranial hypertension (Fig 3) . Recording VFP has also helped us to detect malfunctioning of the respirator, inappropriate positioning of the patient and other things that might jeopardize optimal operative conditions. Furthermore, the indwelling ventricular catheter has facilitated adequate drainage of fluid without additional trauma to the brain. After operation it is our policy to record VFP without drainage, for the early detection of a hmmatoma, the failure of a shunt or any other cause of postoperative intracranial hypertension (Fig 4) . In patients with severe traumatic brain injury or subarachnoid hemorrhage, measures against intracranial hypertension such as drainage of fluid, controlled hyperventilation, hypertonic solution, hypothermia and corticosteroids become more rational if axillary line was usedas common reference level. Note reduction of'perfusion pressure' after administration ofneuroleptic drugs. 1-3, intravenous administration ofatropine,fentanyl and benzperidol. 4, intubation. 5, connexion to respirator. 6, intravenous infusion ofurea the indications are based on, and the results controlled by, monitoring of ICP.
In patients with papillkedema of unknown ,origin it may be important to decide whether ICP is normal or increased. In such cases continuous recording of VFP under standardized conditions is the only means of getting reliable information.
Two main points can be gained from VFP records: (1) the actual pressure level, and (2) the variations in pressure. In clinical work only a rough estimation of the pressure level is needed. If more exact measurements are desired, the recording must be made under standardized conditions and the pressure level should be expressed by some kind of quantitative representation such as a mean pressure or, better, a diagram forming a frequency polygon. For this purpose we have a specially constructed electronic analyser connected to the recording apparatus which reads the pressures at predetermined intervals and groups them into 13 classes. It has been used for evaluating the effects of corticosteroids and different hypertonic solutions.
The VFP tracing may reveal a number of different spontaneous pressure variations. Among these, one type is of particular interest, because it is closely related to acute cerebral symptoms in patients with intracranial hypertension. This type of pressure variation is characterized by a sudden rapid rise, continuation on a high level for some time, and finally a rapid fall. Because of the typical shape which these pressure variations give to the VFP curve, I call them 'plateau waves' (Figs 5-7) .
Soon after we began to use continuous recordings of VFP in clinical work it became clear that acute transitory symptoms, as well as acute deteriorations in patients with intracranial hypertension, were almost regularly accompanied by acute elevations of ICP of the plateau wave type. The signs and symptoms most commonly observed during typical plateau waves were headache, nausea, vomiting, facial flush, air-hunger, forced or irregular or periodic breathing, changes in pulse frequency, rise in blood pressure, involuntary micturition, restlessness, confusion, motor agitation, changes in the level of consciousness, and various motor phenomena such as clonic movements and tonic rigidity of the limbs.
Transitory elevations of the intracranial pressure of the plateau wave type, whether suspected on the basis of clinical symptoms or diagnosed by monitoring of the intracranial pressure, should always be regarded as a warning signal. They signify impending deterioration, spontaneous or in connexion with pneumography, induction of anmsthesia or operation.
Monitoring of ICP in a number ofpatients with plateau waves has enabled us to study this phenomenon in detail and to form a hypothesis of its pathogenesis. Under normal conditions variations of cerebral vascular resistance and consequent variations of intracranial blood volume are readily compensated for, probably mainly by the ability of CSF to pass in and out of the cranial cavity. If the compensatory facilities are insufficient because of a space-occupying lesion, such variations may instead initiate a chain of events characterized by the reciprocal relationship between rise in ICP and dilatation of cerebral resistance vessels. Such vasodilatation means that a greater part of the systemic blood pressure is transmitted to thin-walled vessels of the cerebral vascular bed. The result is swelling of the brain from congestion and a general increase of ICP. Probably a purely mechanical effect at the same time obstructs the draining veins, Fig 5) VFP ten days after the graph in Fig 5 during thefinal stage two hours before death. Thepatient was in deep coma and hada shallow, regular respiration. The VFP had been on a high, even levelat about 70 mmHgforfour hours. For no apparent reason it suddenly rose to a level much higher than could be recorded, probably above 200 mmHg; at the same time the bloodpressure rose to 240 mmHg. After a few minutes both intracranial and arterial pressures dropped critically and soon reached about the same level indicatinggeneral vasoparalysis and cessation of cerebral bloodflow. Artificial respiration was not given and after a short while the heart stopped beating. BP, systolic arterial bloodpressure. A, respiratory standstill, opisthotonus. E, cardiac standstill \,,20 that the plateau wave phenomenon is related to HA Q -0 the autoregulation of the cerebral blood flow, by 5MI oES which a reduction of the perfusion pressure is compensated for by dilatation of cerebral long resistance vessels. In short, it seems as if the Fig 5. The autoregulation of the cerebral blood flow may eussd.
cause a lot of havoc if the capacity for spatial nic buffering is impaired. From a clinical point of view it should be emphasized that pressure variations of the Dd flow and plateau wave type pertain to an intermediary process may stage of intracranial hypertension, during which ic arterial or the compensatory forces are beginning to sag but the rise in are still working. Acute deteriorations are imes accom-impending and may portend the next stage, that y contribute of continuous and irreversible decompensation.
During the former stage therapeutic measures ance vessels may still diminish the risk for secondary damage the producto the brain; during the latter stage nothing can g to assume alter the course.
